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History of B Physics

In the 1980s CP Violation in the B system became a very 
“hot” topic.
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1983

B meson lifetime
MAC-Mark II
ct ~490 µm

Exclusive reconstruction of 
several b®c decay modes
CLEO 

1987 1987

B mixing observed
ARGUS 

B physics dominated by Babar and Belle experiments at the 
asymmetric e+e- colliders ~2000-2010



B Physics at Hadron Machines
In 1989 a proposal was made (by Peter Schlein) to study B 
physics at the SPS Collider at CERN.
� Two concepts – very large B production in the forward 

direction and use silicon detectors inside the beam-pipe 
� Proposal not approved, but a successful test was made

In 1990 LHC Project started
Alongside the GPDs, a b physics experiment was proposed.
Different modes were possible: 
� Collider 
� Fixed Target, with extracted beam

In 1992 LHCC, Large Hadron Collider Committee (LHCC) 
formed
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Beauty ‘94
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2nd International Workshop on B-Physics at Hadron Machines, 
Le Mont-Saint-Michel, Normandy, France, April 25-29, 1994
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Beauty ‘94
3 proposals presented (already at Beauty ‘93)

and HERA-B at HERA 
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COBEX
Collider mode 

Large Hadron Beauty (LHB)
Beam extraction 

GAJET
Internal gas jet target 



Beauty ’94: April 26th 1994
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Beauty ‘94

I.I.Bigi

“…the LHC will satisfy essential needs in a complete 
program of beauty physics…”
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Beauty ‘94

I.I.Bigi

“…the LHC will satisfy essential needs in a complete 
program of beauty physics…”

P.Dornan

“…A decision on the future B-programme at (the) 
LHC will be made at the June LHCC meeting…”
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LHCC (June 1994) 
The LHCC discussed the relative merits of the 3 proposals.

Conclusion (extracts): 

• None of the collaborations have the necessary resources. 

• Collider mode has the greater potential. 

• Detector close to the beam is very desirable, but an 
optimized design of spectrometer does not exist yet. 

• The committee therefore encourages all participants from 
the three proposals to join together to prepare a new 
Letter of Intent for a new collider mode b experiment to be 
submitted to the LHCC. 
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Memorandum
30th August 1994
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PPESP document
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Beauty ‘95
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Beauty ‘95
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Letter of Intent
25th August 1995
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29th April 1996



22

9th Jan 1998
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15th March 1999

UK Spokesperson
Neville Harnew
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2000 Bristol joined

2009 Manchester, Warwick 
Birmingham

15th March 1999

UK Spokesperson
Neville Harnew



LHCb… a beautiful experiment at the LHC
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Neville… 
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Neville… 
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Led the UK on the LHCb
experiment from its 
inception

Project Leader for the 
RICH detectors, delivering 
them on budget and on 
schedule  (see Carmelo)

Oxford group (led by 
Neville) became central to 
LHCb physics
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Measurement of CP Phase g
The Unitarity Triangle

2 Testing the CKM unitarity and related observables
Authors (TH): Jérôme Charles, Marco Ciuchini, Olivier Deschamps, Sébastien Descotes-Genon, Luca Silvestrini,
Vincenzo Vagnoni.

In the SM, the weak charged-current transitions mix quarks of different generations, which is en-
coded in the unitary Cabibbo-Kobayashi-Maskawa (CKM) matrix [23, 24]. The SM does not predict the
values of the weak flavour-couplings, and so all matrix elements must be measured experimentally. How-
ever, the unitary nature of the CKM matrix, and the assumptions of the SM, impose relations between
the elements that are often expressed graphically in the complex plane as the so-called unitarity triangle.
Overconstraining the apex of this unitarity triangle from tree- and loop-level quark mixing processes is
therefore a powerful way to probe for virtual BSM effects at mass scales complementary or superior to
those which can be directly searched for at the HL-LHC. As we shall see below, in many cases such
indirect probes of BSM physics will not be limited by either experimental or theoretical systematics in
the HL-LHC era.

2.1 Structure of the CKM matrix
The part of the SM Lagrangian which is relevant for describing quark mixing is

L
W

± = � gp
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(VCKM)
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where g is the electroweak coupling constant, and VCKM the unitary CKM matrix,

VCKM =

0
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A . (3)

The CKM matrix induces flavour-changing transitions inside and between generations in the charged
currents at tree level (W± interaction). By contrast, there are no flavour-changing transitions in the
neutral currents at tree level.

Experimentally, a strong hierarchy is observed among the CKM matrix elements: transitions
within the same generation are characterised by VCKM elements of O(1), whereas there is a suppres-
sion of O(10

�1
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1st and 3rd. This hierarchy is expressed by defining the four phase convention–independent quantities,
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The four independent quantities, �, A, ⇢̄, ⌘̄, fully determine the CKM matrix in the SM.
The CKM matrix can be expanded in powers of the small parameter � (which corresponds to the

Cabibbo parameter sin ✓C ' 0.22) [25] by exploiting the unitarity of VCKM. This expansion yields the
following parametrisation, valid up to O
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The CKM matrix is complex, i.e., it contains a phase that cannot be rotated away, if ⌘̄ 6= 0. Furthermore,
CP is violated, if and only if ⌘̄ differs from zero.

Orthogonality relations can be written involving two columns or two rows of the unitary CKM
matrix, and they can be represented as triangles in the complex plane. It is standard to focus on the
following orthogonality relation,

VudV
⇤
ub + VcdV

⇤
cb + VtdV

⇤
tb = 0, (6)
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(a) The triangle (db).

(b) The triangle (ut).

Figure 1.3: The unitarity triangle representations of the conditions (ds) and (ut). The
complex side lengths are expressed in terms of VCKM elements and �.
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(a) The triangle (db).

(b) The triangle (ut).

Figure 1.3: The unitarity triangle representations of the conditions (ds) and (ut). The
complex side lengths are expressed in terms of VCKM elements and �.

Fig. 2: The standard CKM unitarity triangle. The parameters ⇢ and ⌘ are defined as ⇢ + i⌘ =
�
⇢̄ +

i⌘̄
��

1 � �2/2 + O(�4
)
�
, with ⇢̄, ⌘̄ defined in (4).

as the three products of CKM elements are of similar size, O(�3
). Fig. 2 shows the standard unitarity

triangle (UT), obtained from Eq. (6) by rescaling the three terms in the orthogonality relation by VcdV
⇤
cb.

The apex of the UT is at (⇢̄, ⌘̄), while the angles are related to the CKM matrix elements as
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2.2 Current status of the constraints
2.2.1 |Vud|, |Vus|, |Vcd|, |Vcs|
Accurate constraints on the first and second rows and columns of the CKM matrix come from leptonic
decays, ⇡ ! e⌫, K ! e⌫, K ! µ⌫, ⌧ ! ⇡⌫⌧ , ⌧ ! K⌫⌧ , D ! µ⌫, Ds ! µ⌫, and from semileptonic
decays, K ! ⇡e⌫, D ! ⇡e⌫, Ds ! Ke⌫. The extraction of CKM matrix elements requires knowledge
of hadronic inputs (decay constants for the leptonic decays, normalisations of the form factors at q2

= 0

for the semileptonic decays) and electromagnetic/isospin corrections when available (i.e., for kaon and
pion decays) [26]. Another prominent input for the |Vud| determination comes from the consideration
of the superallowed � decays of 20 different nuclei [27–29], which provides a very accurate constraint
on |Vud|. There are also other constraints, but less powerful due to experimental uncertainties and/or
theoretical systematics that are difficult to assess.

2.2.2 |Vcb| and |Vub|
Tree-level semileptonic decays of beauty mesons and baryons allow for the extraction of |Vcb| and |Vub|.
The current determination is dominated by the B-factories data on B decays and by the measurement
of |Vub|/|Vcb| from baryonic decays at LHCb. For B decays, both inclusive and exclusive semileptonic
decays have been used to extract |Vcb| and |Vub|. The two approaches have different sources of theoret-
ical uncertainties: inclusive analyses rely on quark-hadron duality, involve hadronic matrix elements in
subleading powers of the heavy quark expansion and, for |Vub|, on additional hadronic quantities called
shape functions; exclusive analyses require the knowledge of the relevant form factors over the entire
kinematic range, a very difficult task for lattice QCD. Currently, the HFLAV averages for inclusive and
exclusive determinations of |Vcb| and |Vub| disagree at the 3� level. While recently the choice of the
parameterization of the form factor dependence on the recoil for B ! D⇤ decays has been shown to
have a large impact on the extracted value of |Vcb| [30–32], the situation is still rather unclear.
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VudVub
* +VcdVcb

* +VtdVtb
* = 0

http://ckmfitter.in2p3.fr
28



LHCb Collboration Board Chairs (1996-2020)

Neville Collaboration Board Chair 1996-2000

Negotiating some tricky collaboration decisions, including
� LHCb Spokesperson (T.Nakada)

� Established trigger scenario

� Writing the LHCb constitution
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LHCb Collaboration Week – Marseille 1998
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LHCb Collaboration Week – Marseille 1998
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LHCb Collaboration Week – Marseille 1998
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Thank you Neville!

33


